Electronic Version 
Stylesheet Version vl.1.1 

Description 

Method for Parametrizing an Integrated 
Circuit and an Integrated Circuit 

Therefor 

Cross Reference to Related Applications 

[0001] This application is a continuation of U.S. Patent Applica- 
tion Serial No. 09/302,139, filed April 29, 1999, the entire 
contents of which is hereby incorporated herein by this 

reference. 
Background of Invention 

[0002] a method for parametrizing integrated circuits is dis- 
closed, for example, in DE 195 48 984 Al. The 
parametrization process adjusts and customizes an inte- 
grated circuit after the integrated circuit is manufactured 
or when the integrated circuit is mounted on circuit 
boards. The integrated circuit must be adjusted or cus- 
tomized in order to initialize and/or set specific values for 
certain circuit components of the integrated circuit, such 



as an identification value of the respective integrated cir- 
cuit. For example, the integrated circuit may include an 
oscillator whose clock frequency must be set to a prede- 
termined frequency. In addition, certain properties of a 
digital/analog or analog/digital converter incorporated in 
the integrated circuit may also be set by the parametriza- 
tion process. 

[0003] it is also known to use a so-called "Zener zapper" for 

parametrizing integrated circuits. The Zener zapper, how- 
ever, requires that the integrated circuit has a relatively 
large number of terminals. Zener zapping is difficult to 
control and offers few programming choices. Moreover, 
the Zener zapper cannot be used to parametrize the inte- 
grated circuit during assembly. Alternatively, the inte- 
grated circuit may be parametrized by applying a certain 
bus protocol to separate terminals. The approach also re- 
quires a relatively large number of additional terminals 
and therefore increases the manufacturing cost of the in- 
tegrated circuit. Incorporation of additional terminals may 
also cause reliability problems of the integrated circuit. 

[0004] Finally, the integrated circuit can be parametrized by us- 
ing special serial protocols. Such serial parametrization 
protocols, however, are very susceptive to errors. In addi- 



tion, the bus protocols must be synchronized with the os- 
cillator frequency of the integrated circuit. The special se- 
rial protocols also impose more stringent timing require- 
ments. 

[0005] it is therefore desirable to provide a method for 

parametrizing an integrated circuit without requiring ad- 
ditional terminals in addition to those already provided for 
normal operation. It is another object of the invention to 

provide an integrated circuit for carrying out the method. 
Summary of Invention 

[0006] | n general, according to one aspect of the invention, the 
method for parametrizing an integrated circuit applies to 
the supply voltage terminal and/or output terminal of the 
integrated circuit a digital start command signal followed 
by a parametrization data signal. During the parametriza- 
tion process, the start command signal may be detected 
by a detecting device incorporated in the integrated cir- 
cuit. A voltage level that is higher than a normal operating 
voltage level of the integrated circuit, may be applied con- 
tinuously during parametrization to the supply voltage 
terminal and output terminal. The higher voltage level 
may be provided to uniquely distinguish the parametriza- 
tion process. The detecting device may be implemented in 



form of a comparator. 

[0007] The method of the invention advantageously uses for 

parametrization the terminals which are already provided 
on the integrated circuit. Consequently, no additional ter- 
minals are required to perform parametrization. This not 
only significantly reduces the manufacturing cost of the 
integrated circuit, but also enhances the reliability of the 
integrated circuit in comparison to integrated circuits that 
require additional terminals for parametrization. 

[0008] According to another embodiment of the method, the in- 
tegrated circuit may be parametrized in spite of the pres- 
ence of large fluctuations in the clock frequency of the 
bus protocol. A special error-protected bus protocol may 
also be provided for this purpose. 

[0009] According to yet another embodiment, the parametriza- 
tion signal may be formed by a code that provides an 
edge change after each bit. Preferably, a first logical state 
of a bit may be determined by an additional edge change 
approximately in the middle of the length of the bit and a 
second logical state of a bit may be determined by a sig- 
nal that remains constant for the length of the bit. 

[0010] For this purpose, the integrated circuit may include an os- 
cillator and an interface device for processing a specified 



variable clock frequency of the parameter signal. A time 
window may be defined at the beginning of each bit within 
which window an edge change is expected to indicate the 
bit end. 

[0011] Following the occurrence of least one edge change mark- 
ing the bit end, the length of a bit may be determined and 
the next expected edge change may be expected to be 
offset by the time corresponding to the bit length. In an- 
other embodiment of the invention, the time duration of 
one bit may be determined from the average duration of 
at least two bit lengths. 

[0012] An integrated circuit for carrying out the method may 

have at least one supply voltage terminal, a reference po- 
tential terminal, and an output terminal, as well as an os- 
cillator and an interface device connected to the oscillator 
and a storage device. In addition, a detector device or a 
comparator may be connected between the supply voltage 
terminal and the interface device, wherein the interface 
device may also be connected to the output terminal of 
the storage device. The oscillator of the integrated circuit 
may serve as a time base for protocol decoding of the 
parametrization process as well as for generating a suit- 
able cycle for the output signals to be applied to the out- 



put terminal of the integrated circuit. 

[0013] The detector device or the comparator may detect the dif- 
ferent operating voltage levels at the supply voltage ter- 
minal and may determine whether the integrated circuit 
operates in a "normal" state of or if the integrated circuit 
is being parametrized. The interface device may detect the 
data flow supplied during the parametrization process, is- 
sue commands, and generate a corresponding response. 
The storage device may be non-volatile and may perma- 
nently store received adjustment values. 

[0014] The invention will now be described in greater detail with 
reference to an embodiment in conjunction with the draw- 
ings. 

Brief Description of Drawings 

[0015] FIG. 1 is a functional block diagram of the circuit accord- 
ing to the invention with the protocol generator and con- 
trol computer or automatic tester connected; 

[0016] FIG. 2 shows exemplary logical states of a bit of a bus 

protocol for parametrizing the integrated circuit in FIG. 1, 
and 

[0017] FIG. 3 shows exemplary bus protocols for a read / write 
command, a program/block command, a write/pro- 
gram/block command, and a read command. 



Detailed Description 

[0018] FIG. 1 shows a block diagram of an integrated circuit ac- 
cording to an embodiment of the invention. The inte- 
grated circuit in the exemplary embodiment includes an 
integrated circuit with an integrated sensor 28a which is 
located in an analog circuit component 28 of the inte- 
grated circuit The sensor 28a may be, for example, a Hall 
sensor. 

[0019] The integrated circuit 10 of the illustrated embodiment 
has three connecting terminals, namely a supply voltage 
terminal 12, a reference potential terminal 14, and an 
output terminal 16 which serves as the output terminal for 
an analog signal. The integrated circuit also includes an 
internal oscillator 20 that provides a clock signal to an in- 
terface device 22. The interface device 22 is connected to 
a storage device 24, for example a register, and writes 
data to or reads data from the storage device 24. The in- 
terface device 22 is also connected to the supply voltage 
terminal 12 through a comparator 26 or a detector device. 
Finally, the interface device 22 is connected to the output 
terminal 16. 

[0020] The detector device or the comparator 26 determines 
whether the integrated circuit 10 operates in a "normal" 



operating state, as determined, for example, by the appli- 
cation of a largely constant signal of approximately + 5V, 
or whether a parametrization process is being initiated. 
The parametrization process is characterized by the fact 
that a voltage level that is clearly above the normal oper- 
ating voltage of +5V is applied to the supply voltage ter- 
minal 12. 

[0021] if the comparator 26 detects a parametrization process, 
the interface device 22 ensures that the data received by 
way of the parametrization data are directly written to the 
storage device 24 or that certain data stored in the stor- 
age device 24 are read from the received parametrization 
data. The data stored in the storage device 24 and re- 
leased by the parametrization process, as indicated by the 
arrows in FIG. 1, activate or adjust the analog circuit com- 
ponent 28. In addition, the data can be used to customize 
the integrated circuit 10, in other words, to provide the 
integrated circuit 10 with a certain characteristic identifi- 
cation number to be used later to distinguish the inte- 
grated circuit from other similarly designed integrated 
circuits. Finally, the data released by the parametrization 
process may also permit variation and adjustment of the 
oscillator frequency of the oscillator 20. 



[0022] | n the block diagram of FIG. 1, a parametrization process 
is to be performed on the integrated circuit 10. Therefore, 
a control computer or automatic tester 40 is also shown 
which is connected to a protocol generator 30. The proto- 
col generator 30 is connected to both the supply voltage 
terminal 12 and the output terminal 16 of the integrated 
circuit 10. The protocol generator 30 generates a data 
stream which is supplied to the supply voltage terminal 12 
of integrated circuit 10. The protocol generator 30 also 
demodulates the reply signal which is present at the out- 
put terminal 16 of the integrated circuit 10. The reply sig- 
nal is evaluated in the control computer or in the auto- 
matic tester 40. It is understood that the parametrization 
process is only performed if the protocol generator 30 
continuously applies to the supply voltage terminal 12 a 
voltage level which significantly differs from, and more 
particularly, significantly exceeds the "normal" operating 
voltage level of the integrated circuit 10. 

[0023] FIG. 2 illustrates possible logical states of bits which are 
preferably used for parametrizing the integrated circuit 
10. The logical states are preferably selected in such a 
way that an edge of the bit always changes at the begin- 
ning and at the end of the bit, independent of the logical 



state of the bit. 

[0024] The upper diagram of FIG. 2 illustrates the possible states 
of a bit in a first logical state. As seen in the upper dia- 
gram, either a logical low-level or a logical high-level, 
both of which remain constant, is applied during the en- 
tire length of the bit. A first logical level, which may be 
the low-level of a bit, is characterized by a signal that re- 
mains constant during the entire length of the bit. This 
signal, as shown at the upper left in FIG. 2, can be charac- 
terized by a continuous + 6V signal, wherein at the begin- 
ning and at the end of the signal the edge changes to + 
8V. Alternatively, the first logical state can also be charac- 
terized by a voltage signal that remains constant at +8V 
during the entire bit length, wherein at the beginning and 
at the end of the signal the edge changes to + 6V. This 
feature guarantees that during the entire bit length, a bit 
is characterized by a voltage level which distinctly exceeds 
the "normal" voltage level of, for example, + 5V. 

[0025] The second logical state differs from the first logical state 
in that an additional edge change takes place within a bit 
length. 

[0026] This is shown in the lower diagram of FIG. 2 for two pos- 
sible bits that assume the second logical state. As seen in 



the lower diagram, an edge change always takes place at 
the beginning and end of each bit, regardless of the origi- 
nal voltage level of the bits. 

[0027] This edge change, which always takes place at the begin- 
ning and end of each bit, is used to detect the presence of 
a parametrizing signal received by the integrated circuit, 
even if the clock frequency of the parametrizing signal is 
not known, because the clock frequency of the incoming 
parametrization signal can be unambiguously determined 
from the edge change itself. The parametrization process 
according to the invention is therefore relatively insensi- 
tive to variations in the clock frequency of the 
parametrization signal. 

[0028] At the beginning of each bit, as detected by the presence 
of an edge, a time window is defined within which an edge 
change is expected to signal the end of a bit. This time 
window is preferably selected so as to lie between the 
maximum permissible frequency and the minimal permis- 
sible frequency of the parametrization signal. The maxi- 
mum frequency of the parametrization signal is here 
slightly higher than half the minimum frequency of the 
parametrization signal. 

[0029] The length of a bit is determined following the appearance 



of at least one edge change marking the bit end. The next 
anticipated edge change is then expected at a time which 
is offset by this bit length. 

[0030] Advantageously, the length of a bit is determined from the 
average of at least two bit lengths. 

[0031] FIG. 3 shows possible bus protocols for parametrizing the 
integrated circuit. The read-write command is character- 
ized, for example, by a sync bit followed by four com- 
mand bits as well as four address bits followed by 12 data 
bits. The program/block command for example is charac- 
terized by an initial sync bit followed by four command 
bits, four address bits, and a predetermined programming 
time. The programming time may be, for example, 10 ms 
long. The write/program/block command is characterized 
by a single synchronization bit. The read command is 
characterized by a synchronization bit followed by 12 data 
bits. 

[0032] unlike conventional methods, such as the Zener zapping 
mentioned above, the parametrization process according 
to the invention advantageously does not require addi- 
tional connection terminals on the integrated circuit. In 
addition, the integrated circuit may incorporate a simple 
on-chip oscillator with a relatively high error margin. 



Moreover, the programming times for the parametrization 
process of the invention are short; the parametrization 
protocol can be easily implemented; and parametrization 
can be performed at a comparatively low speed. 



